Impact on practice {#Sec1}
==================

Systematic acquisition of medication history at hospital admission potentially improves medication safety.IT-guided checklists have a great potential for an accurate medication history at the time of hospital admission.

Introduction {#Sec2}
============

Approximately one quarter of all admissions in an acute care hospital are related to adverse drug events \[[@CR1], [@CR2]\]. Transition of care events such as admission, transfer within the hospital, and discharge from the hospital contribute greatly to adverse drug events that are associated with prolonged hospital stay, added costs, and increased mortality \[[@CR3], [@CR4]\]. Often, adverse drug events are the result of medication discrepancies, that are unintended documentation errors at transition of care \[[@CR4]\].

An initial source of potential medication errors lies within the proper acquisition of the patient's medication history \[[@CR5], [@CR6]\]. A systematic review of 22 studies uncovered that between 10 and 67% of patients had at least one medication discrepancy at hospital admission \[[@CR7]\]. In 6 of these studies, up to 59% of the found discrepancies were considered to be clinically important \[[@CR7]\]. The most common error in the medication history was the omission of a regularly taken medication \[[@CR5], [@CR6], [@CR8], [@CR9]\].

The inaccurate or incomplete recording of the medication history at admission can lead to consequences such as interrupted or inappropriate drug therapies, duplications, or unforeseen drug interactions with an increased risk for drug-related problems that may not only persist during hospital stay but continue after discharge \[[@CR3], [@CR6], [@CR10], [@CR11]\].

Medication reconciliation interventions were previously shown to reduce discrepancies in the medication history that may lead to complications and subsequently prolonged hospital stays \[[@CR12]--[@CR14]\].

Aim of the study {#Sec3}
================

The aim of the study was to reduce the proportion of patients with at least one medication discrepancy in the medication history at hospital admission by implementing an in-house developed electronic checklist.

Ethics approval {#Sec4}
===============

The study was approved by the National Swiss Ethics Committee on research involving humans (\#2016-00939).

Method {#Sec5}
======

Study design {#Sec6}
------------

The prospective study was conducted in a ward with 26 beds focusing on vascular and visceral surgery at the Kantonsspital Aarau, a Swiss cantonal hospital. To support physicians in obtaining accurate and complete medication histories of patients at admission, a multidisciplinary team of pharmacists, physicians and nurses developed a checklist in the electronic prescribing system (EPS) to provide a framework and guide during the acquisition of the necessary information (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Checklist used in the electronic prescribing system (EPS) for this study (translated version)

Admitted patients were enrolled during the two phases of the study. Phase 1, before the introduction of the checklist, lasted from November 2013 to January 2014. The effect of the checklist on medication history accuracy was examined during phase 2, which lasted from February 2015 to May 2015. Before implementing the change to using the checklist, all involved surgeons had to attend a mandatory seminar on how to use the new tool.

During both phases, the medication history for each patient was acquired by a physician and compared to that prepared by the same pharmacist (gold-standard). All identified medicines were documented according to the ATC code system. Each divergence was considered a medication discrepancy and categorized in six groups:Omission of a medication.Commission of a medication (additional drug not used before admission).Incorrect medication.Incorrect strength.Incorrect dosage form.Incorrect dose change.

The medication management of the patients prior to admission was categorized in five groups:A = at home without care service support.B1 = at home with nursing support.B2 = at home with family member support.B3 = at home with pharmacist support.I = at nursing home.

Patient admission was subdivided into three groups:E = elective admission.N = admission through the emergency department.SDS = admission for same day surgery.

Study population {#Sec7}
----------------

All admitted patients (≥ 16 years), who were transferred to the surgical ward, were included.

Patients, who were discharged from hospital within 48 h or had been moved to another ward, before the pharmacist could obtain the medication history, were all excluded from the study. Likewise, patients, who were admitted for same day surgery in phase 2 or with communication problems and without a family member to be interviewed, were not included in the study.

Data collection {#Sec8}
---------------

To collect the medication data of a patient, the pharmacist used a standard structured questionnaire. When necessary, information was assembled from the general practitioner, the patient's pharmacy, nursing home or a family member. To ensure that the physicians had adequate time to collect the medication history, the two medication lists were compared two working days after the patient's arrival at the ward, and all medication discrepancies were documented.

Statistics {#Sec9}
----------

Before starting to collect data, a power analysis was conducted using the software R-2.15.2 (2012-10-26, Trick or Treat). Using a Poisson regression (α = 0.05 and β = 0.05) and assuming the intervention would reduce the proportion of patients with at least one medication discrepancy by 50%, a minimum enrollment of 110 patients per phase was needed. Microsoft Excel 2010 and R-3.1.3 (2015-03-09, Smooth Sidewalk) were used for the descriptive and statistical analysis. Significance level for adjusted *p* values was set to 0.05. In order to check whether the patient group in phase 1 differed from phase 2 univariate tests were performed. Exact Fisher's tests were used for nominal variables, while Welch t-tests were performed for continuous variables. Potential differences between medication discrepancies in the two phases were assessed using an Exact Fisher's test. *P* values were corrected for multiple testing using the method of Benjamini and Hochberg. Exact Fisher's tests were further used to calculate the odds ratios (OR) for using the checklist and obtaining a systematic medication history. Influence of other factors was analyzed using logistic regression. The suitability of the model was assed using graphical diagnostics of the fit and distributional assumptions.

Results {#Sec10}
=======

228 of 415 patients admitted to the ward during the two phases were included in this study. 113 were included in phase 1 before intervention and 115 in phase 2 after intervention. 187 patients were excluded for the following reasons: 125 were discharged within less than 48 h, 39 were admitted for same day surgery during phase 2, 15 moved to another ward before a pharmaceutical interview could be conducted, 7 due to communication issues, and 1 for refusing to be interviewed.

The characteristics of the patients during phase 1 and phase 2 are shown in Table [1](#Tab1){ref-type="table"}. 86% were admitted during daytime (93.8% in phase 1, 78.3% in phase 2) and 60.1% (54.0 and 66.1%, respectively) due to emergencies (N). While 14.2% were admitted for same day surgery (SDS) in phase 1, no SDS admissions were included in phase 2. The largest groups underwent vascular surgery (47.4%) or visceral surgery (37.3%). There were slightly more men than women in phase 1 (58%) and substantially more in phase 2 (85%). There were similar types of care services used by the patients recruited during phase 1 and 2.Table 1Characteristics of the patient populations in phase 1 and phase 2VariableLevelsn~*before*~%~before~n~*after*~%~*after*~n~*all*~%~*all*~GenderMale5851.38573.914362.7Female5548.73026.18537.3*p* = 0.00058All113100.0115100.0228100.0Type of admissionE3631.93933.97532.9N6154.07666.113760.1SDS1614.200.0167.0*p* = 0.0005All113100.0115100.0228100.0Time of admissionDaytime, 6 a.m.--6 p.m.10693.89078.319686.0Nighttime, 6 p.m.--6 a.m.76.22521.73214.0*p* = 0.00096All113100.0115100.0228100.0Disciplinea10.921.731.3g4539.86354.810847.4tr1311.587.0219.2tx54.465.2114.8v4943.43631.38537.3*p* = 0.14All113100.0115100.0228100.0Type of case serviceA9382.39179.118480.7B132.632.662.6B2119.71513.02611.4B321.810.931.3I43.554.394.0*p* = 0.91All113100.0115100.0228100.0The numbers (n) and the percentage (%) of the included patients for each category are shown. Type of admission: (E) elective, (N) emergency, (SDS) same day surgery. Type of surgeries: (g) vascular, (v) visceral, (tr) trauma, (tx) thoracic, (a) unspecified surgeries. Type of care service: (A) at home without care service support, (B1) at home with nursing support, (B2) at home with family member support, (B3) at home with pharmacist support, (I) at nursing home

The descriptive summary of continuous variables is summarized in Table [2](#Tab2){ref-type="table"}. The median age of the patients in both phases was 67 years (IQR 52-78). The median number of regularly used medication was 5 (IQR 2-10), and the number of discrepancies in the medication history was reduced from a maximum of 14 down to 8 after intervention (*p* \< 0.0001). All other variables showed no difference.Table 2Descriptive summary of the continuous variables in the dataVariableLevelsnMinq1$\documentclass[12pt]{minimal}
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Out of 735 medications checked before intervention, 259 (35.2%) contained discrepancies (Fig. [2](#Fig2){ref-type="fig"}). 69.9% of the patients had at least one medication discrepancy. The most common discrepancy in phase 1 was omission of a regularly used medication (76.4%) followed by the commission of a medication (6.6%). After intervention, the discrepancies were dramatically reduced to 68 out of 677 checked medications (10%) with a significant decrease in medication omissions down to 44.1% (*p* \< 0.001) and commission to 4.4% (*p* \< 0.01). Only 29.6% of patients had at least one discrepancy after intervention (*p* \< 0.0001), and the rate per patient decreased from 2.3 to 0.6 (Table [2](#Tab2){ref-type="table"}). With the IT-guided checklist the odds ratio of having a medication discrepancy was 4.9 times lower (OR 4.9, 95% confidence interval 3.6--6.6).Fig. 2Medication discrepancies for different types of errors before and after intervention. Statistical significance before and after intervention is indicated by asterisks: \*\*\* *p* \< 0.001; \*\* *p* \< 0.01. There is no significant difference in the columns without asterisks

The most common discrepancy in both phases was omission of a medication. In phase 1, the most discrepancies occurred in the group of analgesics (ATC code N02) at 17.2% leading ophthalmologicals (S01) at 7.6% and mineral supplements (A12) at 7.1%. After the implementation of the IT-guided checklist, the medication discrepancies for analgesics were reduced from 34 to 4, for ophthalmologicals from 15 to 8 and for mineral supplements from 14 to 1.

Using logistic regression, various factors were examined for their influence on the OR (Table [3](#Tab3){ref-type="table"}). There were two significant parameters. On one hand, the odds for a medication discrepancy were reduced by 74% by using the checklist. On the other hand, there was a 1.7% decrease in the odds of having a medication discrepancy for each additional year of age (*p* = 0.015). Table 3Multiple logistic regression analysis of potentially influential factorsFactorsCoefficientAdjusted *p* value(Intercept)0.1080.929Female0.3000.176Admission through the emergency department0.3240.198Admission for same day surgery0.0480.929Nighttime admission−0.2970.547Age−0.017**0.015**Vascular surgery−0.2890.929Traumatology0.0540.929Thoracic surgery0.1080.929Visceral surgery0.2630.929At home with nursing support0.3170.534At home with family member support−0.4240.176At home with pharmacist support−0.0560.929At nursing home−0.1080.929Hospital stay0.0140.123IT-guided checklist−1.361**0.000**Significance level for adjusted*p* values was set to 0.05The reference parameters for the Intercept are the male gender, elective admission, daytime admission, unspecified surgeries and at home without care service

Age was compared to the type of care service to see if there is an association between these two factors. The combination showed a slight trend but no statistical significance.

Discussion {#Sec11}
==========

The acquisition of the medication history at admission was found to be a major source for medication discrepancies \[[@CR5], [@CR6], [@CR8], [@CR9]\]. By implementing an IT-guided checklist, our findings show comparable results to other intervention studies \[[@CR12], [@CR14]\], indicating that medication discrepancies can be reduced significantly by reconciliation. One study achieved a decrease of postoperative medication discrepancies from 40.2% of the patients in the standard care arm to 20.3% in the intervention arm \[[@CR12]\]. Another study reduced the number of clinically relevant medication discrepancies per patient with a web-based intervention from 1.44 to 1.05 \[[@CR14]\]. In this study, the mean number of discrepancies per patient was reduced from 2.3 to 0.6 (Table [2](#Tab2){ref-type="table"}). A possible explanation for differences between the studies could be found in how a medication discrepancy is defined. The medication discrepancies in our study were not classified based on their potential to cause harm. We also did not restricted age or the number of medications at admission like other studies \[[@CR5], [@CR6], [@CR8]\]. Therefore, it is not possible to holistically compare our results with previous studies.

Our results revealed that by far the most common discrepancy in both phases was omission of a medication. Our finding of 76.4% omissions before intervention is higher if compared to previous studies (46.6--62%) \[[@CR5]--[@CR9], [@CR12]\]. As mentioned above, the difference could be found in differences in methods, concepts and in the analysis of the outcomes. Nevertheless, the implementation of the IT-guided checklist reduced the incidence of omission significantly to 44.1%.

Among the omitted medication, analgesics were the most frequently forgotten drug classes in the medication history. This result is consistent with a study showing that analgesics are one of three categories of drugs that cause most discrepancies \[[@CR9]\]. Also often missing were ophthalmologicals and mineral supplements. A possible explanation for mineral supplements is provided by Cockayne et al. \[[@CR15]\]. The study showed that complementary and alternative medicines, so called CAM, are rarely documented \[[@CR15]\]. We speculate that drug classes like ophthalmologicals and mineral supplements are not always perceived as medication by patients. Thus, it is necessary to specifically address the usage of these drug classes with the patient. Since our checklist reminded the physician to specifically address these types of medication, it is not surprising that the implementation of the checklist significantly reduced the medication discrepancies of these drug classes.

The second most common discrepancy before intervention was commission of a medication (6.6%). One possibility that can lead to commission is copying from previous medication lists. A previous study has found that out of 120 patients 69.2% had one medication list, 26.0% had two, 4.0% had three and 0.8% had four lists \[[@CR16]\]. We also encountered patients, who had several medication lists that differed from each other. Since the frequency of such incidents was not documented in phase 1 or phase 2, we cannot assess, how much they contributed to commission of a medication and the decrease of such incidences from 6.6 to 4.4% after intervention.

The finding that a medication list does not guarantee that a patient actually takes all the medication on the list underlines the importance that a medication list should not just be copied but used in combination with information from other sources, most importantly from an interview with the patient \[[@CR16], [@CR17]\]. The concept of medication reconciliation is that cross-referencing information from as many sources as possible will lead to a more complete and accurate medication history \[[@CR18]\]. The goal of this study was to provide the physicians with a structured approach on how to obtain the most accurate and complete medication history. Thus, we can assume that the reductions in omission and commission were largely due to the implementation of the IT-guided checklist.

The numbers for other types of discrepancies before and after intervention such as incorrect medication, incorrect strength, incorrect dosage form and incorrect dose change did not change significantly (Fig. [2](#Fig2){ref-type="fig"}). The discrepancy-rate for incorrect medication and incorrect strength was reduced, but the numbers were too small to be significant. It is possible that a significant effect could be seen with a larger set of data.

The two study groups of phase 1 and 2 differed in some aspects. For instance, the proportion of male patients and of patients who were admitted during the night was somewhat higher during phase 2 (Table [1](#Tab1){ref-type="table"}). Although there was an increase in patients for same day surgery in phase 2, they were excluded since the attending anesthetists did not use the checklist to record the medication history. In general, large differences between two study groups are not desirable, since negatively affect the comparison. In this study, minor differences between the study groups did not appear to affect the overall reduction of medication discrepancies when using the checklist (*p* \< 0.0001). In addition to the checklist, increasing age was found to significantly reduce the number of discrepancies. This was surprising, because age has been shown in the literature to be a potential risk factor \[[@CR19]--[@CR21]\]. However, another study has found that patients 85 years and older have a lower risk for potentially harmful medication errors \[[@CR22]\]. A possible explanation for age as a protective factor could be that patients of increased age, who are either admitted from nursing homes or have some kind of homecare service, are admitted with a more complete and accurate list of their medication. Our data show a slight trend for such a connection but no statistical significance. Further investigations are necessary to examine this hypothesis.

The study has several limitations. It was conducted with patients of only one surgical ward and in only one hospital, where admission process may be different from other hospitals. A further limitation is that the obtained data from the same day surgery patients were not excluded from phase 1. At the end of phase 1 it was not clear that the anesthetists would not be utilizing the checklist in phase 2. By retrospectively excluding the same day surgery patients form phase 1, the required sample size of 110 patients would not have been met.

As mentioned earlier, the discrepancies were not classified based on their potential to cause harm. Further research is needed in order to determine the impact on medication safety by the implemented IT-guided checklist.

Our regression model was defined as the discrepancies divided by the number of used medications. We would like to point out that the number of discrepancies could exceed the number of medications per patient, since a single medication can provoke multiple discrepancies like incorrect strength and incorrect dose change. There was one case, where more discrepancies than regularly used medications were made. In this case, we set the number of correct medication to 0. It can also not be ruled out that some medication discrepancies remained undetected, since the same pharmacist recorded the medication history and identified the discrepancies. However, these limitations appear to only marginally affect the apparent result of significantly reducing medication discrepancies by using a checklist at admission.

Conclusions {#Sec12}
===========

Discrepancies in the medication history were found to be significantly reduced by providing a standardized, IT-guided checklist to the physicians. Since the lack of a complete medication history leaves patients at risk for medication errors, the intervention applied in this study will likely enhance the medication safety and reduce complications due to drug-related problems.
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